One of the important theories in education and psychology is Generalizability (G) Theory and various properties distinguish it from the other measurement theories. To better understand methodological trends of G theory, a thematic content analysis was conducted. This study analyzes the studies using generalizability theory in the field of education in Turkey by using the method of thematic content analysis. It reviews 60 studies, including 31 articles and 29 theses published from 2004 to 2017. The selected studies underwent thematic content analysis using parameters including tagged information, aim, G Theory type, number of facets used in the study, Turkish word for "facet," object of measurement, sample size, design type, mixed-design availability, shared results of G and D studies, computer programs, method of calculating negative variance, availability of fixed facets, and design balance. The data were interpreted on the basis of frequencies; both table and figures are included in the study. According to the results, there is an increase in the number of studies conducted by using G theory by years. Of these, many compare theories; most of them applying univariate G Theory and consider two-faceted measurement situations. While a small subset of studies features mixed design, a large group features crossed design, with individuals as the object of measurement. The computer program most commonly used in analyses is EduG. The majority of studies use balanced design. Recommendations are provided accordingly with the results.
INTRODUCTION
One of the most important steps taken in any scientific study is the measurement process used to obtain information needed to analyze a particular object or property. However, the data obtained in this process may contain various types of "error." These errors, which differ in accordance with the measurement conditions, have a different meaning from the one that is traditionally assumed. Errors occur naturally in measurement; it is therefore essential to determine how and under what conditions to carry out "ideal" acts of measurement, given this reality. In education and psychology, this issue is discussed as an aspect of "reliability," which may be defined as the extent to which the observed scores are consistent (or inconsistent) (Brennan, 2011) . One of the theories concerning reliability in education and psychology is the Generalizability (G) Theory. This theory enables a researcher to determine the source and number of inconsistencies in the observed scores. Another theory, Classical Test Theory (CTT), consists of observed scores (X), real scores (T), and error scores (E) (X= T + E). Although only one error term appears in this model for CTT, the term contains all probable errors. In this context, one of the most important advantages of G Theory is that it enables the investigation of different sources of error within the model it is based on. For instance, the relation between G Theory and the process of measurement where there are K number of sources of error can be described as follows: X = µs + E1 + E2 + ... +EK
Here, µs in Equation 1 is the universe score, interpreted in a similar way to the real score in CTT. The universe score is defined as the expected value of the observed scores obtained through repetitive measurements (Brennan, 2001) . One of the properties that makes G Theory important and different is its conceptual framework. The concepts in this framework are the universe of admissible observations, Generalizability (G) study, the universe of generalization, and decision (D) study. The present study uses a sample situation to ensure that these G Theory concepts are understood better. For example, consider a measurement process in which the mathematical problem-solving skills of students are measured in different tasks (t) and scored by more than one rater (r). This process contains two facets, labelled "tasks" and "raters." Facets represent similar situations in measurement. Let us assume that tasks (one facet in this measurement process) contain an infinite number of tasks, while raters (another facet in this measurement process) contain an infinite number of raters. Both facets have been selected from an infinite universe of admissible observations. If each rater scores each task carried out by every student in the sample process, the measurement design is called a crossed design, and the process is represented as sxtxr. If, however, each task carried out by all students in the process is scored by different raters, the raters are said to be "nested" in the tasks and the study design is known as a "nested design," represented as sx (r:t) . A crossed design is usually preferred in studies conducted using G Theory. The reason for this is that all sources of error, associated with all probable facets and the interactions between those facets, can be estimated in crosseddesign studies. This situation gives D studies great flexibility. A careful analysis of the example above makes clear that students also participate in the process, alongside tasks and raters; they too are considered variance sources of the measurement process. Any individuals, students, objects, or situations constituting the subject matter being measured are called the object of measurement in G Theory. While the term universe is used to denote the facets of measurement in G Theory, population is preferred for the object of measurement (Brennan, 1992) . Observable scores, obtained by evaluating a task in the population or universe of admissible observations by a rater, are represented in Equation 2: Xstr = µ + ʋs + ʋt +ʋr+ʋst +ʋsr +ʋtr +ʋstr
In Equation 2, µ represents the average within the universe and population, while ʋ represents each of the seven unrelated components. This is a linear model of sxtxr (Brennan, 2011; Güler, Uyanık, & Teker, 2012) . A model of this design contains seven sources of variance, known as, "G study variance components." Once these variance components have been estimated, the values can be used in estimates of universe score variance, error variance, various generalizability universe coefficients with similar interpretations, and various D-study designs.
Variance components in a G study can be estimated using the expected values of squares average in the variance analysis. As is clear from here, a variance analysis (ANOVA) appears in the statistical structure of Equation 2. However, the F test is not used in G Theory. This case reflects one of the operational differences that distinguish G Theory from traditional variance analysis (Brennan, 1992; Güler et al., 2012) .
The variance components obtained through the G study are used to design various D studies. The above-mentioned example can help to explain this situation. Let us assume that there is a process of measurement in which students' mathematical problem-solving skills are evaluated by three raters (r) using five different tasks (t). Each level of the two facets (tasks and raters) is called a condition. In this study, there are five conditions for the facet of tasks and three conditions for the facet of raters. Firstly, the variance components are calculated using the data obtained through the G study. After that, various D studies can be set up to decide on designs containing the same or different numbers of conditions of the facets made available by the G study. For instance, in D studies organized on the basis of a G study with five available tasks, designs can be created in which the same number (5), a smaller number (1, 2, 3 or 4), or a larger number (6, 7 etc.) of tasks is available; such designs can also include the same or a smaller or larger number of raters. One point to take careful note of here is that the variance components obtained through the G study are values estimated using a single task and rater (one condition). Thus, estimates made for various numbers of facet and task conditions also constitute D studies. The universe score variance for a randomly crossed D study with the same structure as the G study in the example above is as follows:
The relative error variance is:
The absolute error variance is:
The generalizability coefficient is:
The dependability coefficient is:
As equations 3, 4, 5, 6 and 7 make it clear, G Theory is based on average score metrics (Brennan, 2011) , unlike CTT, which is based on total score metrics. In addition, the relative error variance and generalizability coefficient are interpreted in a similar way to the error variance and dependability coefficient, which are based on a relative comparison of individuals in CTT. Another point worth noting is that the generalizability coefficient and the dependability coefficient are not equal in G Theory. The error variance and dependability coefficient, based on absolute decisions that can be calculated in G Theory, cannot be calculated in CTT. However, both the absolute error variance and the error variance in CTT are derived from the random sampling assumption; when more than one facet is taken from the generalizability universe, the CTT error variance can be estimated at very low levels (for further details, see Brennan, 1997) . The above equations can also be applied to different generalizability universes and D studies. For instance, let us suppose that the raters assessing student mathematical problem-solving skills are constant. In other words, let us suppose that the purpose is not to generalize the raters in this study into a larger universe (alternatively, assume that all of the raters in the universe are the raters in this study). In this case, the universe score variance is:
And the absolute error variance is:
It is clear that, when the rater facet is constant, estimated error variances decrease and universe score variance increases. This means that dependability coefficients will be estimated at high levels. However, the gain obtained by the increase in dependability values restricts the interpretations that can be made in relation to generalizability. In a similar way, as the sample size increases in D studies (that is to say, as the number of conditions increases) and/or when the study has a nested design, error variance decreases; the increase in the number of nested facets in the design restricts the interpretations that can be made in relation to the generalizability of measurements. G Theory is basically a theory of measurement based on random facets. Therefore, at least one facet should be taken at random in the measurement process. The measurement models in which constant (as well as random) facets are available are known as mixed models in G Theory (Brennan, 1992 ). All the above-mentioned examples relate to univariate G Theory. However, some studies are considered in the context of multivariate G Theory. In the first example above, let us suppose that the students are expected to deal with algebraic and analytic problems. Universes of admissible observations correspond to each context and each universe corresponds to one single constant case. In other words, a univariate mixed model can be formulated with a multivariate model, which requires a constant facet; a more flexible representation of the constant facet is thus assured. At a statistical level, multivariate G Theory analyses involve not only variance components, but also co-variance components (Brennan, 2011) . In the case of a simpler explanation, the univariate G Theory may be used to analyze the scores obtained from a single test; multivariate G Theory is used to determine the generalizability of scores obtained from a test composed of different sub-tests Brennan, 2001; Deliceoglu, 2009) .
Three fundamental theories can be used to determine reliability: CTT, Item Response Theory (IRT), and G Theory. Of these, CTT is generally preferred because its underlying mathematical model is easier to understand and its assumptions are flexible (Hambleton & Jones, 1993) . Although IRT contains a more complicated mathematical model and its assumptions are difficult to meet, it takes precedence over individual measurement applications because it can generate independent estimates of item and ability parameters. CTT and G Theory focus on test results, while IRT focuses on responses to items (Brennan, 2011) . Various properties distinguish G Theory from the other two theories. Although the mathematical structures of the basic equations in CTT and G Theory are similar, with unobservable values on the right (X = T + E, and equation, respectively), CTT has only one error term, while G Theory permits the division of error terms to reflect different sources of error. G Theory also has a richer conceptual framework than CTT. Two points are particularly relevant: (1) in G Theory, it is possible to distinguish between constant and random facets; (2) G Theory makes it possible to carry out different types of decision studies (Brennan, 2011) .
Cronbach et al., (1972) and Brennan (2001) argue that G Theory removes the difference between reliability and validity. One of the most important differences between G Theory and IRT is that, while G Theory focuses on test scores, IRT focuses on item scores. Although items are a constant facet in IRT, they are almost always considered random in G Theory (Brennan, 2011) . In recent years, Turkey has seen an increase in studies conducted using G Theory. Researchers in education and other fields have shown more interest in G Theory because it differs from CTT and IRT and can be advantageous in a number of situations. Given this context, the present study uses various criterial to analyze G Theory-based research carried out in Turkey. Its main purpose is to determine the general tendency of G Theory-based studies and to provide new resources and information to researchers who may have doubts about using G Theory in their own research. To enhance the quality of future academic work, examination themes are also explained in detail. For researchers hoping to contribute to literature on any topic, general trends in current studies in the relevant field, gaps in the literature, and research characteristics presented are very important. The literature included a review of studies on the use of G Theory: Rios, Li, and Faulkner-Bond (2012) , examined 58 studies published in the field of psychology and education between 1997 and 2012, focusing on sample size, the handling of missing data, the question of balance (or unbalance), multiple group comparisons, analysis trends (e.g., computer programs used, methods of estimating variance components), and reporting results. Other than this study, no published research had explored studies conducted using G Theory, indicating a gap in the literature. The present study sets out to provide detailed information on the theoretical and conceptual bases of G Theory to guide researchers aiming to conduct research on the deficiencies of or mistakes made in published studies. The present study makes an important contribution to the literature by promoting the widespread, correct use of G Theory, which is now widely and increasingly studied, by introducing this theory to researchers in the main branches of science, beyond the educational sciences. The present study therefore examines research carried out using G Theory in the field of education in Turkey using the thematic content analysis method. The following questions guided the current study: 1. What were the aims of the research studies analyzed? 2. Which types of G Theory are used more often in measurement situations? 3. How many faceted designs are used in the study? 4. How is the term "facet" translated into Turkish? 5. Did the object of measurement specify? 6. What is the sample sizes used in the studies? 7. What types of designs are covered? 8. What types of mixed design exist and how can they be used correctly? 9. What proportion of studies fall into the G and D studies categories? 10. Which computer programs are used most frequently? 11. What is the preferred way of explaining negative variance when analyzing research results? 12. What are the various types of fixed facet and how are they discussed?
13. At what rate do studies use balanced or unbalanced patterns?
METHOD 2.1. Research Model
The present study has carried out a thematic content analysis of theses and articles based on G Theory in the field of education in Turkey in 2004-2017; the various themes covered here were selected to reveal their similarities and differences. A thematic content analysis involves the synthesis and interpretation of different research findings on the same subject (Au, 2007 , Çalık & Sözbilir, 2014 , Finfgeld, 2003 , Walsh & Downe, 2005 . Studies that conduct a thematic content analysis provide a very rich resource to researchers working in related fields, who cannot access all the work in the field or systematically examine those studies (Çalık, Ayas, & Ebenezer, 2005; Ültay & Çalık, 2012) . Compared to meta-analyses and descriptive content analysis studies, relatively few studies offer thematic content analyses (Çalık & Sözbilir, 2014) .
Data Collection
All of the education articles incorporating G Theory published in Turkey between 2004 and 2017 were obtained using the Google Academic search engine and/or which were reached in journals indexed by ULAKBIM (national index) and Social Science Citation Index (SSCI 
Data Analysis
Before carrying out the content analysis, the researchers developed a checklist to help them analyze studies incorporating G Theory. The purpose of the checklist was to set standard criteria for analyzing the articles. The checklist had two main parts: "study tag" and "theoretical information." Expert opinions were obtained from three measurement and evaluation specialists, who had carried out studies on G Theory and were able to evaluate the checklist. The specialists recommended including key words and author names in the tags used to describe studies under analysis. The checklist was updated to reflect these views; the version shown in Figure 1 was ultimately used by two researchers in this study.
To ensure consistency across different researchers, five randomly selected studies were examined independently by two researchers. Using the data obtained, Equation 11 (suggested by Miles and Huberman (1994) ) was used to calculate consistency between researchers, as follows:
The interrater consistency obtained using Equation 11 was calculated as .86. This value should be .80 or above (Miles & Huberman, 1994 , Patton, 2002 . This result compared to the criterion drawn from the literature, sufficient coherence is obtained. Within the scope of this study, 60 studies were reviewed by researchers, in accordance with the themes in Figure 1 , to identify any inconsistencies in the data. Articles or theses with inconsistencies were reviewed by the researchers again independently, to see whether there was any disagreement. For just one study researchers had a disagreement. The researchers came together to discuss the issue and tried to reach agreement, as well as obtaining the opinion of a third independent researcher. As a result of this process, once consent of researchers has been obtained, all the data were combined. Frequency and percentage analyses of codes were carried out for each theme. 
RESULT / FINDINGS
The research findings are presented in two parts. The first section headings refer to the tags used to categorize the articles and theses; the second section focuses on theoretical information. 3.1. Findings Related to Tagged Information in the Studies Analyzed 3.1.1. Year of publication Figure 2 shows the distribution of articles and theses by publication year. Although the increase has not been steady, there has clearly been an increase in the number of articles and theses written using G Theory since 2004. While the increase in the number of articles has reached a peak in recent years, the number of Master's theses reached its highest value in 2015; although G Theory continues to be used regularly, frequency has decreased in the last few years. Among doctoral theses, there was an increase between 2012 and 2014; after that date, there is no doctoral thesis conducted on G Theory. 
Keywords
The keywords in the 31 articles and 29 theses were reviewed to determine their frequencies. 109 different key words were used in the studies. The most frequently used word was Generalizability Theory (f=56) -as expected. Reliability (f=23), Classical Test Theory (f=13), interrater reliability (f=8) and decision study (f=8) were the most frequently used key words. These were followed by generalizability coefficient (f=6), generalizability (G) study (f=5) and Phi coefficient (f=5), as the basic concepts in G Theory. In addition, 75 key words were used just one time each. "Rating/rater/scoring" concepts were included among the 39 key words; of these concepts, "scoring key/rubric" appears in 12 of them. Computer programs used in G Theory analysis, including EduG, GENOVA, mGENOVA, SAS, and SPSS were used 13 times.
Findings Involving Theoretical Information
Aim of the study: G Theory can be used in a range of different academic fields. According to the topics, theory comparison was the most commonly studied subject throughout the studies. 14 studies compared G Theory to CTT and Many-Facet Rasch Model (MFRM). In addition, six studies compared performance assessment tools (checklists and analytical and holistic rubrics). In nine studies set out to establish the most appropriate number of raters, the quality of raters involved in evaluation, and interrater reliability. They examined the reliability of scores obtained from measurement tools including the Vee diagram, concept map, multiple-choice tests, structured grids, and performance tasks (f=10). Other studies investigated instructor, peer, and self-evaluation results; standard setting methods; computer software used in analyses (SPSS, GENOVA, EduG, and SAS), and the results obtained from the crossed and nested designs. Various reliability methods were also compared. Type of G Theory used for measurement: Generalizability Theory can be univariate or multivariate, depending on the measurement situation involved. Most of the studies examined (f=54) included univariate G Theory analyses. Because of its complexity, multivariate G Theory was used in just three Ph.D. theses and three articles written by the same authors.
The number of facets used in the study: Measurement situations with two facets appeared in 45 studies; nine studies included measurement situations in which one and two facets were considered together. It has been observed that one facet in three studies, three facets in two studies, and four facets in one study. Translating the term "Facet": Since the term was translated into Turkish in different ways in G Theory studies in Turkey, the naming of this concept was also considered. It was most frequently used as "the source of variability (değişkenlik kaynağı)" in the studies analyzed in this study (f= 18). It was used as "surface (yüzey)" in seven studies, as "the source of variance (varyans kaynağı)" and "variable (değişken)" in four studies, and "component (bileşen)" and "variance component (varyans bileşeni)" in one study each. It was called "facet" in one study written in Turkish without finding Turkish concept for it. Only one of the 13 works written in English used "variance source" instead of "facet". In 11 studies, however, it was observed that the term was not considered although the G Theory was used.
Presenting and describing the object of measurement as a facet:
Only two studies considered the object of measurement as a facet. While 44 studies clearly defined the object of measurement, 14 gave no explanation. When observations related to the state of the measurement object, only 25 studies clearly defined the object of measurement. Of the remaining 35 studies, 23 provided no information and 10 provided the correct usage. Two studies failed to mention the measurement object and used the concept in the wrong way.
Sample size: Table 1 shows the sample sizes used in these studies.
Of the studies investigated, 16 had sample sizes below 30, while 25 had sample sizes between 30 and 100. Only 19 studies had samples larger than 100. Type of design: The most frequently used design was a crossed design (f=48). Nested designs were used in seven studies, while five studies used both crossed and nested designs. The availability and correct use of mixed designs: Only six of the 60 studies used mixed designs. One study that claimed to have a mixed design actually had a random design. The presentation of G and D study results: G study results were presented as expected in most studies except one. In addition, D study results were not given in only three studies. It was observed that the D study was not performed because the purpose of these studies was not to estimate the reliability for different measurement situations. Computer programs used: An evaluation of the computer programs used in the analyses, revealed that the most frequently used program was EduG (f=32). The second most frequently used program was SPSS (f=16). GENOVA was used in nine studies, mGENOVA in five studies, and G-String, R, and SAS were used in two studies each. In five studies, the computer program was not specified. Since some studies used more than one program (e.g., SPSS-EduG and SPSS-GENOVA), the sum of the frequency values above exceeds the number of studies examined.
The availability and description of negative variance:
In 21 studies, a negative variance was observed. Adopting the approach of Cronbach et al., the negative variance was treated as zero in 11 studies; zero was also used to estimate other variance components. In 10 studies, adopting Brennan's approach, the negative variance was regarded as zero and used as it was in estimates of other variance components. The availability and description of fixed facets: Six of the studies analyzed had constant facets. Only two explained these constant designs to readers. Design balance: Only six of the 60 Turkish studies had an unbalanced design. Of these, two were Ph.D. theses and one was an article written by one of the Ph.D. authors.
DISCUSSION, CONCLUSION and SUGGESTIONS
The present study analyzed 60 Turkish studies in two stages, using tag information and their theoretical foundations. An examination of the years in which G Theory studies were published revealed an overall increase in publications, despite occasional decreases. The theoretical structure of G Theory is complex and difficult to analyze at elementary levels; for this reason, it is used primarily in doctoral theses. However, beginning with the year 2009, it has also appeared in Master's theses. One of the reason for this may be that G Theory Master's level analyses are now being conducted by means of user-friendly computer programs, such as EduG, rather than the more advanced GENOVA. Another reason may be the increasing number of workshops are held at congresses and courses are taught in Master's and doctoral programs. User friendly computer programs will make it possible to carry out more analyses based on G theory for various studies. Another explanation for this result is the increase in the number of researchers working in the area of measurement and evaluation. In particular, applications for research-assistant posts in the field of measurement and evaluation have been increased since 2002, resulting in a larger number of researchers working in the field and therefore more studies based on G Theory. The keywords presented in the study tags were also analyzed, revealing that G Theory was used most often in studies involving interrater dependability and standard settings. The fact that 88 words appeared only once or twice appears to show that a range of studies on diverse topics have been carried out using G Theory. Among studies that feature rating and rater keywords (f = 39), G Theory is frequently discussed in relation to rater reliability, consistency, the rater effect, the number of raters, the reliability of ratings, and rating methods. Although CTT is used more frequently than G Theory in the literature, it cannot be used to determine the number of raters needed to obtain more reliable results or the number of criteria to include in scoring keys. The information available to G Theory through D studies may make it a better choice than CTT, especially in such studies. An investigation of the aims of the studies in question found that they made a great number of theoretical comparisons. By comparison, the most frequently used theory is CTT, which has been used for many years in the literature and is better known than G Theory in the theoretical literature. Another theory often used in theory comparisons is MFRM. It is thought that this model, which is covered in IRT, tends to be preferred because it allows analyses to be carried out using fewer parameters than other IRT models. Like G theory, MFRM is frequently used to determine the reliability of a rater; it can consider more than one error source at the same time. These can also be cited as reasons for comparing G Theory to MFRM. As well as being used in theory comparisons, G Theory was also preferred when researchers wished to determine the reliability of scores obtained using various measurement tools. G Theory has the advantage of being able to simultaneously handle many sources of error in a measurement process at the same time. While this topic is not new in the literature, many studies have investigated the reliability of self and peer assessments, which have been discussed more frequently in recent years. G Theory makes it possible to evaluate the rater as a facet, while also evaluating the points of self, peers, and instructors as conditions of this facet. Since G Theory makes it possible to estimate the magnitude of the variance between evaluations of different raters and the reliability coefficient, it may be preferred in such studies. A final category of studies compared the results obtained using different types of computer software able to carry out G Theory analyses. Because of free and user-friendly software and their manuals, the use of G theory potentially increases.
Most of the studies analyzed in the course of this research were produced using univariate G Theory. Only five studies used multivariate G Theory, potentially reflecting the following two factors: (1) the situations considered by researchers were better suited to the use of univariate G Theory, and (2) researchers preferred not to use multivariate G Theory because it was relatively difficult and complicated to analyze. It was found that the most of the studies investigated used two-faceted measurement designs. Frequency measurement situations with two surfaces may reflect standard educational practice (items and raters as facets). Very few of these studies had three-or four-faceted designs. As the number of facets increases in G Theory, the number of estimated variance values for each facet and the interactions between facets increase. Interactions are therefore difficult to interpret. For example, where a two-faceted crossed design consists of seven components of variance, in a three-faceted design, this number increases to 14. Researchers tend to avoid highly faceted designs because it is difficult to interpret the large number of variance components that result from the increased number of facets. The concept of "source of variability" was used in almost half of the studies analyzed instead of the English term "facet" available in the G Theory. The use of agreed on words can be supported by reaching an agreement on Turkish equivalents to the English terms and compiling them in a glossary, and thus comprehensibility of the G Theory studies can be increased. Indeed, there is such a glossary study conducted in Turkey by the Association of Measurement and Evaluation in Education and Psychology, and accordingly, it is recommended that the words "yüzey (facet)" or "değişkenlik kaynağı (source of variability)" be used as corresponding to English word "facet". Yet, it was observed that using "source of variability" as Turkish equivalence to the English word "facet" could cause confusions in studies conducted in Turkish.
The sentence "A one-facet design has four sources of variability" from an important resource book, "Generalizability Theory: A Primer" by Shavelson and Webb (1991, p.4 ) would exemplify our claim because the translation of the sentence into Turkish would also cause confusion. Considering this situation, it is thought by researchers that using "yüzey" rather than "değişkenlik kaynağı" in Turkish as equivalence to English "facet" would be more appropriate. In G Theory, the objects to be measured such as students, individuals, methods etc. and decisions will be made on it known as the object of measurement. Differences in the object of measurement are defined as "the sources of error" in CTT, since variance that depends on the object of measurement is a desired situation. These differences are not considered to be facets in G Theory either. Two of the studies examined presented this idea inaccurately. First, the difference between the concepts of facet and object of measurement is difficult to understand. Second, the fact that "facet" is used to express the source of variability in the metric target state, a distinction that does not exist in MFRM (a theory that G Theory is often compared to) may add to this confusion. Researchers should therefore be encouraged to clarify which sources of variability discussed in their studies are facets or objects of measurement. In 54 of the 60 studies examined, the object of measurement was the individual. Items, tasks, situations, and raters can all be objects of measurement, depending on the type of measurement. It is very important for researchers to clearly define the object of measurement and to accurately define it as a measured object to ensure an accurate interpretation of the findings. Sample size is quite important in most statistical methods, as it influences the accuracy of estimates and can increase or reduce errors. Of the studies examined here, 44 had a sample size of 30 or more. This ratio was considerably higher than the value obtained when Rios, Li and Faulkner-Bond (2012) conducted 58 studies using G Theory between 1997 and 2012. They found that the mod of the sample size was 20. examined the effect of sample size on the G and Phi coefficients and found that it was impossible to make stable predictions if the sample size was 30 or below. Results could be considered sufficiently unbiased if the sample size was 50, 100, 200, or 300. With a sample size of 400, the result can be considered definite. In the context of educational sciences studies undertaken using G Theory in Turkey, the majority of results are based on an adequate sample size. However, the samples are small in some of these studies. Due to logistical, economic, and time constraints related to data collection, some studies based on G Theory have been carried out using smaller samples (Rios, Li, & Faulkner-Bond, 2012) . At this point, a balance must be established between the need to increase sample sizes to achieve a correct estimate of variance components and the pressures of staff, time, and cost limitations. While a G Theory sample consisting of 20 individuals is considered the lower limit (Webb, Rowley, & Shavelson, 1988) , more accurate estimates can be obtained from larger samples. In future studies, it may be advisable to use the largest sample size possible. In particular, researchers struggling with unbalanced, complex designs may end up deleting data and changing to a balanced format. Such situations reduce the size of study samples. In recent years, it has become possible to overcome these difficulties via user-friendly software, capable of carrying out unbalanced pattern analyses. Many studies in the literature have been conducted using G Theory; the majority of studies examined here (f = 47) have adopted a crossed design, possibly because all possible sources of variance can be estimated in fully crossed designs. Only in fully crossed designs can researchers access the variance values of each source of variability, as well as their interactions. In nested designs, it is not possible to estimate the variances of nested facets alone. For this reason, crossed designs may be preferred to nested designs. In the studies investigated here, the nested facet in nested designs was generally raters. Particularly in a performance assessment, it may not be possible for each individual to be evaluated by all of the raters. Such measurement situations should be monitored in relation to variables including cost and the effective use of the resources. If it is not possible to use a crossed design, the study should be carried out using nested designs. G Theory is basically a theory of measurement with random facets; for this reason, at least one facet should be random . If at least one facet in a design is constant and the other facets are random, the design is said to be mixed. The present investigation of studies conducted using G Theory in Turkey found that only six of the 60 studies examined used the term "mixed design". In only one of these six studies, the mixed design was defined as "the combined use of crossed and nested facets". On the other hand, in basic sources of G theory in the literature mixed models are defined as the the measurement models in which constant (as well as random) facets are available are known as mixed models in G Theory (Brennan, 1992; Shavelson & Webb, 1991) , and the other five studies used the mixed model in accordance with this definition. Actually, those five studies used multivariate G Theory. While multivariate G Theory is used to generalize scores obtained from a test containing different sub-tests, the subtests are regarded as constant facets (Brennan, 2001) . For this reason, multivariate G Theory studies are essentially mixed design studies. Although one study analyzed here had a random design, it was presented as mixed, possibly because the crossing and nesting of facets in the same design was wrongly perceived as indicating a mixed design. In describing a design as mixed, it is important not to use crossed and nested designs together; at least one of the facets must be fixed. Taking this into consideration will enable the terminology of G Theory to be used more accurately. In G Theory, it is possible to investigate dependability in two stages, via a Generalizability (G) study and a Decision (D) study (Brennan, 2001; Goodwin, 2001; Shavelson & Webb, 1991) . Except in one of the studies examined, G study results were shared. It is appropriate to share the results of analyses obtained to serve the purpose of a study. If the variance components estimated as a result of the G study are not evaluated, it may be sufficient to share only the predicted G and Phi coefficients. The present study also considered the D studies carried out within G Theory by 56 of the studies examined. In education, researchers frequently investigate ways to reduce error and improve the reliability of measurements designed for particular purposes. The fact that most of the examined studies carried out D studies, which serve this purpose within the framework of G Theory, may reflect a general effort to increase credibility. An evaluation of computer programs revealed that a majority of studies used EduG. This may reflect the fact that EduG is free and relatively user-friendly. The common use of G Theory depends not only on the need for available reference materials that clearly and comprehensibly explain its theoretical foundations, but also on the availability of user-friendly computer programs to perform analyses. The first computer program developed to carry out G Theory analyses was GENOVA, developed by Brennan in 1983. Brennan wrote a detailed explanation of both univariate and multivariate G Theory in "Generalizability Theory," released in 2001; the author developed mGENOVA for multivariate analyses, and urGENOVA to estimate balanced and unbalanced designs and random effect variance components. The syntax in which G Theory analyses could be performed on the SPSS, SAS, and MATLAB programs was released in 2006. The fact that this syntax has been organized for use with relatively common programs is a positive step toward expanding the use of G Theory. In 2006, Jean Cardinet released EduG Program. Finally, in 2011, the G-String Program-which can also be used for unbalanced designs-was produced by Bloch and Norman. In addition to these software tools, it is possible to carry out a G Theory analysis via the "gtheory" package using R, which is a free software. It is possible to see the impact of software by examining the yearly distribution of G Theory studies (see Figure 2) . Improved software compatible with G Theory analyses and the publication of user guides will increase its use among researchers from various disciplines. In this context, computer programs are clearly important.
As the literature indicates, variance estimates can sometimes be negative. Negative estimates are caused by erroneous measurement models or sampling errors . Since a negative variance indicates the wrong choice of models or samples, precautions should be taken in cases where the variance is negative. Cronbach et al., (1972) initially said that the negative variance should be replaced with zero and that zero should be used to calculate other variance components. Brennan (1983 Brennan ( , 2001 ), however, argued that this suggestion could cause biased calculations of variance components. Cronbach responded by saying that, although the negative variance should be replaced by zero, the negative value itself should be used to calculate other variance components . When the variance is negative, the value is either replaced by zero or used as it is. The decision-makers are not researchers, but computer programs. None of the analyzed studies explained this situation. Depending on the software that are used, researchers can access the analysis results or carry out estimates using both approaches.
Another point of importance in G Theory is whether or not the design is balanced. In a balanced design, the number of observations is equal at every level of the source of variability. However, observations per variable are not equal in an unbalanced design, due to lost data or differences between the number of observations and the levels of variables (Brennan, 2001 ). Let us consider, for instance, a measurement situation in which individuals respond to two different testlets, and in which the items are nested within the testlets and the individuals are crossed with them. If the testlets have an equal number of items, the design is balanced. If each testlet has a different number of items, then the design is unbalanced. In other words, if there are three items in each testlet, the design is balanced-but if there are two items in one testlet and four in the other, the design is unbalanced. The fact that unbalanced designs have been used in studies based on G Theory in recent years indicates that researchers are considering using the theory in different measurement situations. The very small number of studies using unbalanced designs (f=3) may reflect the fact that designs involving unbalanced data are relatively complex. Another explanation may be that the researchers have removed some data or filled in the missing data to change their unbalanced designs into balanced ones. One final explanation may be that, previously, G Theory analyses of unbalanced data could only be carried out using the urGENOVA program-which was very complex and avoided by researchers. The G String program produced in 2011 by Bloch and Norman (used in three unbalanced-design studies) is an easy-to-use and useful program. This program may become widespread and commonly used with the researches conducted with unbalanced datasets. Since the study has offered both detailed conceptual and theoretical explanations, as well as information on general biases, it can serve as a resource for prospective researchers. One limitation of the present research is the fact that it focused on studies in the field of educational sciences. Despite this, it provides information that could be of substantial value to the researchers in other fields, helping to promote the widespread and accurate use of G Theory in many other scientific fields. Initiatives designed to increase the use of G Theory, such as organizing seminars and workshops, supervising post-graduate theses, and writing books and articles to inform researchers, will raise awareness among scientists, encourage them to use G Theory and increase its use. G Theory can also be introduced to all departments in educational faculties and medical schools. Many departments within faculties of education, health sciences (a field in which G Theory studies are relatively common), and educational sciences fields that carry out measurement and evaluation research will also benefit from using G Theory. Since there can be multi faceted measurement designs in the above mentioned fields, carrying out the researches by using G Theory can improve the qualifications of those studies. For instance, there are studies related to special education (Pekin, Çetin, & Güler, 2018) , science education
